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
/LJKWZHLJKWDJJUHJDWHVFDQRULJLQDWHIURPQDWXUDOUHVRXUFHVRUWKH\FDQEHIDEULFDWHG7KHPDMRUQDWXUDOUHVRXUFHLV
WKH YROFDQLF PDWHULDO 0DQPDGH RU V\QWKHWLF DJJUHJDWHV VXFK DV SHUOLWH YHUPLFXOLWH H[SDQGHG FOD\ HWF DUH
SURGXFHG E\ D WKHUPDO SURFHVV LQ IDFWRULHV >@ 7KH QDWXUDO RUJDQLF DJJUHJDWHV VXFK DV SDOP RLO VKHOO DUH DOVR
DYDLODEOH0LQHUDODJJUHJDWHVZKRVHSDUWLFOHGHQVLW\LVOHVVWKDQNJPDQGORRVHEXONGHQVLW\OHVVWKDQ
NJPDUHGHILQHGDVOLJKWZHLJKWDJJUHJDWHLQ7XUNLVKVWDQGDUG76(1>@
3XPLFHLVDQDWXUDOPDWHULDORIYROFDQLFRULJLQSURGXFHGE\WKHUHOHDVHRIJDVHVGXULQJWKHVROLGLILFDWLRQRIODYD7KH
FHOOXODUVWUXFWXUHRISXPLFHLVFUHDWHGE\WKHIRUPDWLRQRIEXEEOHVRUDLUYRLGVZKHQJDVHVFRQWDLQHGLQWKHPROWHQ
ODYD IORZLQJ IURP YROFDQRHV EHFRPH WUDSSHG RQ FRROLQJ 7KH FHOOV DUH HORQJDWHG SDUDOOHO WR RQH DQRWKHU DQG
VRPHWLPHVLQWHUFRQQHFWHG9ROFDQLFSXPLFHKDVEHHQXVHGDVDJJUHJDWHLQWKHSURGXFWLRQRIOLJKWZHLJKWFRQFUHWHIRU
PDQ\FRXQWULHV>@
3HUOLWH LVREWDLQHGIURPUK\ROLWLFRUGDFLWLF URFNZKLFK LVDJODVV\ IRUP ,W FRQWDLQV±ZDWHU >@8SRQUDSLG
KHDWLQJSHUOLWHWUDQVIRUPVLQWRDFHOOXODUPDWHULDORIORZEXONGHQVLW\$VWKHFKHPLFDOZDWHUKHOGZLWKLQWKHSHUOLWH
ERLOV DW WHPSHUDWXUHV RI ±& WKH UHVXOWDQW VWHDP IRUPV EXEEOHVZLWKLQ WKH VRIWHQHG URFN WR SURGXFH D
IURWK\OLNH VWUXFWXUH 7KH IRUPDWLRQ RI WKHVH EXEEOHV DOORZV SHUOLWH WR H[SDQG XS WR ± WLPHV RI LWV RULJLQDO
YROXPH([SDQGHGSHUOLWH DJJUHJDWH (3$KDVEHHQXVHG LQ FRQVWUXFWLRQDO HOHPHQWV VXFK DV EULFN SODVWHU SLSH
ZDOODQGIORRUEORFNKRZHYHUKDVQRWEHHQLQGXVWULDOO\XVHGLQFRQFUHWH\HW>@
$PRUSKRXV VLOLFD LV D YHU\ HIILFLHQW QDWXUDO SR]]RODQLF PDWHULDO ,W LV SURFHVVHG IURP QDWXUDO ZKLWH JHRVLOLFD
GHSRVLWV $V DJJUHJDWHV RU DV VLOLFD SRZGHU LW LV SDUWLFXODUO\ VXLWDEOH WR WKH PRGHUQ FRQVWUXFWLRQ LQGXVWU\ 7KH
DSSDUHQW GHQVLW\ RI DPRUSKRXV VLOLFD URFN LV OHVV WKDQ  NJP XQGHU RYHQ GULHG FRQGLWLRQ$PRUSKRXV VLOLFD
JHQHUDOO\ FRQWDLQV PRUH WKDQ  6L2 7KH SK\VLFDO SURSHUWLHV RI WKH DPRUSKRXV VLOLFD DUH JRYHUQHG E\ WKH
H[WUHPHO\ ILQHFHOOXODUVWUXFWXUHRI WKHPDWUL[$PRUSKRXVVLOLFD URFNVFDQEHGHVFULEHGDV WKHVROLG IRDPZLWKD
VSKHULFDORUSVHXGRSRO\KHGUDOVWUXFWXUHZKRVHSRUHVDUHPDGHRIYHU\WKLQOD\HUVRIVLOLFDWHVXEVWDQFH
$Q DQDO\VLV RI WKH SUHVHQW WHQGHQFLHV LQ ZRUOGZLGH EXLOGLQJ DFWLYLWLHV VKRZV WKDW LQ GHVLJQ DQG FRQVWUXFWLRQ RI
EXLOGLQJV RI WKH QH[W JHQHUDWLRQ VSHFLDOLVWVZLOOPDNH VXEVWDQWLDO HIIRUWV WRPLQLPL]H WKHZHLJKW RIEXLOGLQJV$
VROXWLRQRIWKLVWDVNLVSDUWLFXODUO\XUJHQWLQXUEDQDJJORPHUDWLRQVZKHUHWKHODFNRIVXIILFLHQWJURXQGVSDFHIRUFHV
EXLOGHUVWRFRQVWUXFWLQFUHDVLQJO\WDOOEXLOGLQJV7KHXVHRIDSSURSULDWHWKHUPDOLQVXODWLRQIRUUHVLGHQWLDODQGRWKHU
EXLOGLQJVLVOLQNHGWRWKLVSUREOHP$SRVVLEOHZD\RIUHGXFLQJEXLOGLQJZHLJKWDQGRSWLPL]LQJWKHUPDOLQVXODWLRQLV
WKHDSSOLFDWLRQRIOLJKWZHLJKWJUDQXODWHVERWKDVDFRQFUHWHDJJUHJDWHDQGDVDKHDWLQVXODWLQJILOO>@)XUWKHUPRUH
WKH XVDJH SRVVLELOLWLHV RI OLJKWZHLJKW DJJUHJDWHV /:$ DV SHUOLWH SXPLFH GLDWRPLWH HWF DV D ILOOHU PDWHULDO LQ
FU\RJHQLF LQVXODWLRQ DQG YDFXXP LQVXODWLRQ SDQHOV KDYH EHHQ LQYHVWLJDWHG DV LQWHQVH 7KH FRVWV RI FRUH DUH WKH
ELJJHVW REVWDFOH WR WKH XVH RI YDFXXP LQVXODWLRQ SDQHOV LQ EXLOGLQJ LQVXODWLRQ 1RZDGD\V D ORW RI UHVHDUFK LV
FRQGXFWHGWRUHGXFHWKHFRVWRI9,3FRUH0XNKRSDGK\D\D>@ZHUHLQYHVWLJDWLQJWKHXVHRISXPLFHSRZGHU
PPLQFRPELQDWLRQZLWKILEHULQ9,3FRUH7KH\UHSRUWHGWKDWWKHWKHUPDOFRQGXFWLYLW\FRHIILFLHQWVRIWKHVHSDQHOV
ZHUHPHDVXUHGDVP:P.DW3D>@$JJUHJDWHIHDWXUHVDUHYHU\LPSRUWDQWLQWHUPVRIWKHUPDOLQVXODWLRQ
SHUIRUPDQFH LQ WKH LQVXODWLRQ PDWHULDO FRQWDLQLQJ /:$ ,Q WKLV VWXG\ WKH SK\VLFDO FKHPLFDO DQG WKHUPDO
FRQGXFWLYLW\SURSHUWLHVRIGLIIHUHQW/:$W\SHVZLWKYDULRXVJUDLQVL]HVZHUHH[DPLQHGDQGWKHLGHQWLILHGSURSHUWLHV
RI/:$¶VZHUHFRPSDUHGZLWKWKRVHRIQRUPDODJJUHJDWHFUXVKHGOLPHVWRQH,Q/:$¶VWKHUHODWLRQVKLSVEHWZHHQ
WKHORRVHXQLWZHLJKWVSRURVLW\YROXPHRIDJJUHJDWHPDWUL[DQGWKHUPDOFRQGXFWLYLW\FRHIILFLHQWVZHUHLQYHVWLJDWHG
LQGHWDLO
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5HVXOWVDQG'LVFXVVLRQ

3.1. The chemical and physical properties of aggregates  
7KH FKHPLFDO FRPSRQHQWV RI DJJUHJDWHV ZHUH JLYHQ LQ 7DEOH  7KH UVJ UE UD UUG UVVG DQG :$ YDOXHV RI
DJJUHJDWH ZHUH FDOFXODWHG DQG WKH ILQGLQJ ZDV JLYHQ LQ 7DEOH  7KH KU FU 9VD 9VED 973 DQG 97 YDOXHV RI
DJJUHJDWHVZHUHFDOFXODWHGXVLQJWKHUHVXOWVSUHVHQWHGLQ7DEOHDQGWKHUHVXOWVZHUHJLYHQLQ7DEOH
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3.2. The structural properties of aggregates 
 
,Q SDUWLFXODU WKH IROORZLQJ LVVXHV DUH LPSRUWDQW LQ WHUPV RI WKHUPDO LQVXODWLRQ PDWHULDOV LQFOXGLQJ QDWXUDO DQG
DUWLILFLDO/:$7KHVL]HDQGGLVWULEXWLRQRISRUHV WKHFHOOVWUXFWXUHRISRUHVRSHQRUFORVHGFHOO WKHVKDSHDQG
ZDOO WKLFNQHVVRISRUHVDQGWKHDPRXQWDQGVL]HRIPLQHUDOVZLWKRXWFDYLW\)RU WKLVSXUSRVH WKH6(0LPDJHVRI
DJJUHJDWH VSHFLPHQVZHUH REWDLQHG WR H[DPLQH LWV VWUXFWXUH LQ$.87$80 ODERUDWRU\ )LJ :KHQ WKH6(0
LPDJHV RI 1HYVHKLU SXPLFH DUH DQDO\]HG WKH SRUH VL]H RI DJJUHJDWH VHHPV WR YDU\ EHWZHHQ PP DQG PP
+RZHYHU WKHSRUHGLDPHWHUV DUHJHQHUDOO\ZLWKLQ WKH UDQJHRIPP7KHSRUHVDUHRYDO VKDSHG DQG FOHDUO\
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VHSDUDWHG IURPHDFKRWKHUE\DPP WKLFNJODVVPDWUL[7KLQJODVV\PDWUL[ aPPVXUURXQGLQJ WKHFDYLW\
H[WHQGVWKHKHDWFRQGXFWLQJSDWK7KHQHVWHGSRUHVDQGUHODWLYHO\GDUNUHJLRQVLQWKHSRUHVPD\EHLQGLFDWLQJWRWKH
FDYLWLHV LQWHUFRQQHFWHGE\VPDOOFKDQQHOV7KHVHFKDQQHOVDUHGLIIHUHQWGLDPHWHUVDQG LQD VSHFLILFGLUHFWLRQ7KH
OLJKWFRORUHGUHJLRQVPD\LQGLFDWH WKHVRPHSRUHVXQFRQQHFWHGZLWKHDFKRWKHU,W LVSRVVLEOH WRVD\WKDW WKHSRUH
GLVWULEXWLRQV RI1HYVHKLU SXPLFH DUH DOPRVW XQLIRUP7KHPLQHUDO SDUWLFOHV DV SRVVLEOH UK\ROLWH UDQJLQJ LQ VL]H
IURP PPZHUH REVHUYHG LQ WKH 6(0 LPDJHV RI1HYVHKLU SXPLFH+RZHYHU WKHVHPLQHUDOV DUH QHJOLJLEOH LQ
WHUPVRIVL]HDQGTXDQWLW\)LJ13

7DEOH7KHSRURVLW\DQGFRPSRVLWHYDOXHVRIDJJUHJDWHVWKHYROXPHRIVSDFHEHWZHHQDJJUHJDWHVDQGSRURVLW\LQDJJUHJDWH
WKHYROXPHRIDJJUHJDWHVPDWUL[WRWDOYROXPHRISRURVLW\VSDFHEHWZHHQDJJUHJDWHV
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7KHSRUHVL]HVRI.D\VHULSXPLFHDUHEHWZHHQPPDFFRUGLQJWR6(0LPDJHV)LJ.3:KLOHSRUHVZLWKD
GLDPHWHUOHVVWKDQPPDUHRYDOVKDSHGLQFRQWUDVWODUJHUSRUHVDUHFKDQQHOIRUPHG,WZDVGHWHUPLQHGWREHQRQ
XQLIRUPWKHSRUHVL]HGLVWULEXWLRQLQ.D\VHULSXPLFHZKHQ6(0LPDJHH[DPLQHG)LJ.37KHVPDOOSRUHVDUH
VHSDUDWHG IURP HDFK RWKHU E\ PP WKLFN JODVVPDWUL[ .D\VHUL SXPLFH KDV XVXDOO\ RSHQ SRUH VWUXFWXUH 7KH
PLQHUDOSDUWLFOHVDVSRVVLEOHTXDUW]LWHUDQJLQJLQVL]HIURPPPZHUHREVHUYHGLQWKH6(0LPDJHVRI.D\VHUL
SXPLFH+RZHYHU WKHVHPLQHUDOVDUHQHJOLJLEOH LQ WHUPVRI VL]HDQGTXDQWLW\ )LJ.37KHSRUH VL]HVRI ,.3
SXPLFHDUHEHWZHHQPPDFFRUGLQJWR6(0LPDJHV)LJ,.37KHSRUHVL]HVEHWZHHQPPDUHPRUH
FRPPRQLQ,.3GHVSLWHWKHH[LVWLQJSRUHVVPDOOHUWKDQPP$SRUWLRQRIWKHSRUHVLVRYDOVKDSHG+RZHYHUD
SRUHVWUXFWXUHVZLWKMDJJHGJHRPHWU\LQ6(03KRWRV)LJ,.3ZDVREVHUYHG7KHVPDOOSRUHVDUHVHSDUDWHGIURP
HDFKRWKHUE\PPWKLFNJODVVPDWUL[7KHSRUHVLQ,.3DUHLQWHUFRQQHFWHGLQWKHIRUPRIFKDQQHOV
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

)LJ7KH6(0LPDJHVRI/:$VDQGQRUPDODJJUHJDWH

7KHPLQHUDOSDUWLFOHVDVSRVVLEOHIHOGVSDUUDQJLQJLQVL]HIURPPPZHUHREVHUYHGLQWKH6(0LPDJHVRI,.3
:KHQWKHDPRUSKRXVVLOLFDRI6(0LPDJHVZHUHDQDO\]HGLWZDVXQGHUVWRRGWKDWWKHPDWUL[VWUXFWXUHRIDPRUSKRXV
VLOLFDZDVFRPSOHWHO\GLIIHUHQWFRPSDUHGZLWKWKHSXPLFHDJJUHJDWHV2QO\JODVVPDWUL[ZDVREVHUYHGLQWKH6(0
LPDJHV RI DPRUSKRXV VLOLFD DQG WKH SRUH VWUXFWXUHVRI SXPLFH DJJUHJDWHV FRXOG QRWEH GHWHUPLQHG LQ DPRUSKRXV
VLOLFDDJJUHJDWHV)LJ$67KH3RUHVL]HDQGVWUXFWXUHRIWKH$6FRXOGQRWEHREVHUYHGLQWKH6(0LPDJHV%XW
LWLVHVWLPDWHGWKDWWKHSRUHVL]HVRIDPRUSKRXVVLOLFDDUHVPDOOHUWKDQPP7KHSRUHVL]HVEHWZHHQPPDUH
PRUHFRPPRQLQ(3GHVSLWHWKHH[LVWLQJSRUHVVPDOOHUWKDQPP7KHSRUHVDUHVHSDUDWHGIURPHDFKRWKHUE\
PPWKLFNJODVVPDWUL[7KHUHIRUHWKHKHDWFRQGXFWLYLW\E\FRQGXFWLRQRISHUOLWHDJJUHJDWHFDQH[SHFWHGWREHORZHU
WKDQSXPLFHDJJUHJDWHV ,Q)XUWKHUPRUH WKHFRPSDFWPLQHUDOSDUWLFOHVZHUHREVHUYHG LQ WKH6(0 LPDJHVSHUOLWH
DJJUHJDWH)LJ(3
3.3. The thermal conductivity coefficients of aggregates 
 
7KHUPDO FRQGXFWLYLWLHVRI OLJKW DQGQRUPDO DJJUHJDWHVZHUHPHDVXUHGDFFRUGLQJ WR WKHJUDLQ VL]H DQG WKH UHVXOWV
ZHUHSUHVHQWHGLQ7DEOH7KHUHLVDVWURQJUHODWLRQVKLSEHWZHHQUEODQG9DJP9WRWOLQDJJUHJDWHV7KLVVXEMHFW
LV VKRZQRQ WKH JUDSKV LQ)LJXUH  DQG)LJXUH  UHVSHFWLYHO\:KHQ WKH JUDSKLF LV DQDO\]HG LW LV VHHQ WKDW WKH
WKHUPDOFRQGXFWLYLW\FRHIILFLHQWVRIDJJUHJDWHVDUHDIIHFWHGE\UEYDOXHDQG9DJJ9WRWUDWLR
,QDGGLWLRQWKHHIIHFWRQDJJUHJDWHWKHUPDOFRQGXFWLYLW\RIERWKYDULDEOHVZDVDQDO\]HGXVLQJ'DWD)LWSURJUDP
DQG WKHJUDSKLFZDVJLYHQ LQ)LJ%DVHGRQ WKLVDQDO\VHV WKH IROORZLQJHTXDWLRQZDVSURSRVHG WRHVWLPDWH WKH
WKHUPDO FRQGXFWLYLW\ FRHIILFLHQW RI DJJUHJDWH DFFRUGLQJ WR UE YDOXH DQG 9DJJ9WRW UDWLR:KHUH UE LV ORRVH XQLW
ZHLJKW RI DJJUHJDWH NJP 9DJJ9WRWLV  YROXPH RI DJJUHJDWH PDWUL[ SHU WRWDO YROXPH  ODJJ LV WKHUPDO
FRQGXFWLYLW\FRHIILFLHQWRIDJJUHJDWHP:P.

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